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88 Medical Devices and Clinical Trial 
89 Design for the Treatment or 
90 Improvement in the Appearance of 

Fungally-Infected Nails91 

92 

Draft Guidance for Industry and Food93 

and Drug Administration Staff94 

95 
96 

This draft guidance, when finalized, will represent the Food and Drug Administration’s (FDA’s) current 97 
thinking on this topic.  It does not create or confer any rights for or on any person and does not operate to 98 
bind FDA or the public.  You can use an alternative approach if the approach satisfies the requirements of 99 
the applicable statutes and regulations. If you want to discuss an alternative approach, contact the FDA 100 
staff responsible for implementing this guidance.  If you cannot identify the appropriate FDA staff, call 101 
the appropriate number listed on the title page of this guidance. 102 

103 
104 

I. INTRODUCTION105 
106 

A variety of diseases can affect the appearance of nails, including fungal infection.  This 107 
guidance is intended to provide recommendations regarding clinical trial design for medical 108 
devices intended either (1) to provide improvement in the appearance of nails affected by 109 
onychomycosis, that is, to affect the structure/function of the nails or (2) to treat onychomycosis 110 
(fungal nail infection). All marketed devices to date have been 510(k)-cleared for visual 111 
improvement, with Indication for Use statements such as “temporary increase of clear nail in 112 
patients with onychomycosis (e.g., dermatophytes Trichophyton rubrum and/or yeasts Candida113 
albicans, etc.).”;1  Some elements of this guidance will be primarily applicable to non-ablative 114 
energy-based devices, although the basic principles may be broadly applicable to all devices.     115 

116 
117 The Food and Drug Administration (FDA) distinguishes these two conditions as target outcomes.  
118 An indication for the treatment of onychomycosis (an infectious disease) requires proof of stable 
119 elimination of the fungal organism, which is a medical endpoint.  This outcome is distinct from 

1 For brevity, this guidance may use the abbreviated phrases “temporary increase of clear nail” or “temporary 
increase in clear nail” to refer to the Indication for Use “temporary increase of clear nail in patients with 
onychomycosis (e.g., dermatophytes Trichophyton rubrum and/or yeasts Candida albicans, etc.).   
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120 outcomes limited to “temporary increase in clear nail” in nails which are fungally-infected, 
121 which is considered an aesthetic endpoint, and does not necessarily signify successful eradication 
122 of fungal infection but rather an effect on the structure/function of the nails.  The Agency 
123 recognizes that this endpoint may have functional benefits as well, which may be of some value 
124 to the patient if the improvement in appearance or function is clinically significant and if the 
125 benefits outweigh potential risks of the treatment.  Nonetheless, claims related to appearance 
126 remain distinct from claims of eliminating fungal infection. 
127 

This guidance addresses patient populations in the United States as the intended demographic for 128 
intervention. The recommendations regarding clinical trial design may be applicable for any 129 
medical device type that is intended for temporary increase of clear nail or to treat 130 
onychomycosis (fungal nail infection).  These recommendations would apply to clinical 131 
performance data submitted in Premarket Notification (510(k)) Submissions, Evaluation of 132 
Automatic Class III Designations (de novo petitions), and Premarket Approval (PMA) applications,133 
as well as for Investigational Device Exemptions (IDEs).2134 

135 
The need for clinical performance data will be dependent on the design and use of the device.3136 
Sponsors are encouraged to discuss this with the agency.  In addition, we recommend that you 137 
contact the Agency through the pre-submission process prior to starting any clinical study for 138 
these nail indications. For information on the pre-submission process see FDA’s guidance 139 
“Requests for Feedback on Medical Device Submissions: The Pre-Submission Program and 140 
Meetings with Food and Drug Administration Staff”141 
(http://www.fda.gov/downloads/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocu 142 
ments/UCM311176.pdf).143 

144 
This guidance is not intended to replace the policies described in other guidance documents.  In145 
cases where questions arise, consult the appropriate FDA review division directly or the Center 146 
for Devices and Radiological Health (CDRH) Division of Industry and Consumer Assistance 147 
(DICE).148 

149 
FDA’s guidance documents, including this guidance, do not establish legally enforceable 150 
responsibilities. Instead, guidances describe the Agency’s current thinking on a topic and should 151 
be viewed only as recommendations, unless specific regulatory or statutory requirements are 152 
cited. The use of the word should in Agency guidances means that something is suggested or 153 
recommended, but not required.  154 

155 
156 

2 Currently marketed devices indicated for temporary increase in clear nail have been cleared through the 510(k) 
pathway. As such, this guidance refers to “clearances” and “devices cleared.”  However, wherever such 
terminology is used in this document, the recommendations and considerations may apply to all premarket 
submission types (e.g., PMA, de novo). 

3 One example of a device type that has been cleared for the indication of “temporary increase in clear nail” is light-
based devices.  Refer to the Appendix for an example of the information that FDA recommends be submitted in a 
regulatory application for this device class. 
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157 II. BACKGROUND 
158 
159 Nail dystrophy is commonly due to fungal infection (onychomycosis), but approximately 40% of 
160 nails which appear abnormal may be due to other clinical conditions.4  A wide variety of 
161 disorders, including inflammatory, metabolic, genetic, and non-fungal infectious diseases, as 
162 well as physical trauma to the nail, can create abnormal nail structures. These changes, which 
163 include separation of the distal nail from the nail bed, nail thickening, and color changes within 
164 the nail, can be visually indistinguishable from onychomycosis. 5  However, it cannot be assumed 

that treatments that alter the appearance of nails are necessarily effective in eliminating 165 
onychomycosis.  Conversely, it cannot be assumed that treatments that are effective in treating 166 
onychomycosis would necessarily alter the appearance of nails, if the abnormal nail growth or 167 
appearance (dystrophy) were caused by a condition other than onychomycosis.  It is therefore168 
important to distinguish the indications of “temporary increase of clear nail in patients with 169 
onychomycosis” and “treatment of onychomycosis,” so as to differentiate the treatment goals.   170 

171 
This guidance is intended to provide information related to both indications, when the device is 172 
applied to nails with confirmed fungal infection.  The considerations in this guidance may not be 173 
equally applicable to nails whose appearance is altered by non-fungal causes.  Therefore, prior to174 
pursuing treatment of abnormally structured or dystrophic nails, it is critical to diagnose the 175 
underlying cause, and to base treatment decisions on proven therapies for the identified cause.   176 

177 
Temporary increase of clear nail 178 
Historically, devices have been cleared with the Indications for Use (IFU) of “temporary increase 179 
of clear nail in patients with onychomycosis (e.g., dermatophytes Trichophyton rubrum and/or180 
yeasts Candida albicans, etc.).” This indication has been used to highlight that the outcomes for 181 
which the device has provided support are limited to visual improvement, an aesthetic endpoint, 182 
and not for mycological cure, which would constitute a medical endpoint.  Several aspects of this183 
IFU are noteworthy:184 

185 
1) This IFU is not intended to mean that the treatment eliminates fungal infection.  It does,186 

however, convey that clinical studies performed in support of the IFU included nails with 187 
confirmed fungal infection.   188 

2) The devices have primarily been assessed for their effectiveness in nails infected with the 189 
common fungal organisms, such as Trichophyton rubrum and Candida albicans; the190 
effectiveness may not be comparable in nails infected with rare species.   191 

3) As stated above, this indication should not be assumed to demonstrate effectiveness in 192 
other causes of nail dystrophy. Therefore dystrophic nails should be confirmed as 193 

194 fungally-infected prior to initiation of clinical trials or treatments that employ devices 
195 cleared with this IFU.   

4 Gupta AK, Jain HC, Lynde CW, Watteel GN, Summerbell RC.  Prevalence and epidemiology of unsuspected 

onychomycosis in patients visiting dermatologists' offices in Ontario, Canada--a multicenter survey of 2001 patients.  

International Journal of Dermatology.  1997;36(10):783-7. 

5 Fletcher CL, Hay RJ, and Smeeton NC.  Observer agreement in recording the clinical signs of nail disease and the 

accuracy of a clinical diagnosis of fungal and non-fungal nail disease.  British Journal of Dermatology. 2003;148, 

558–62. 
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196 4) Finally, we recognize that some patients seek total clearing of their nails rather than 
197 partial clearance and this expectation should be clarified.  Labeling and promotional 
198 materials should provide a transparent portrayal of representative results that were 
199 achieved in the clinical trials, both in terms of the extent of nail clearance and the 
200 timeline of effect. 
201 
202 Treatment of onychomycosis 
203 In contrast to treatments for increase in clear nail, treatments aimed at treating a fungal infection 

require evidence of an antifungal effect.  Specifically, devices marketed with an indication of 204 
treating fungal infections of the nail are expected to provide evidence that the fungal infection in 205 
the nail has been eliminated.  For treatment of toenail fungal infection, this indication, in most 206 
cases, will be supported by evidence of visual improvement in conjunction with negative fungal 207 
cultures and stains. 208 

209 
Fungal species: geographic and demographic considerations   210 
Clinical studies performed outside the United States may not be applicable to the U.S. population 211 
due to different prevailing fungal organisms that may affect the nails.  Special populations,212 
including individuals with certain chronic diseases, occupational risks, or immune compromise, 213 
may have different or additional organisms in the nail, and the effectiveness demonstrated in 214 
clinical studies performed in healthy adults may not be sufficiently informative about these 215 
populations.216 

217 
III. TEMPORARY INCREASE IN CLEAR NAIL 218 

219 

A. Regulatory considerations 220 
221 

1. Defining “temporary increase in clear nail”222 
223 

Normal appearance of nails is the goal for appearance improvement.  Historically, for medical 224 
devices, FDA has allowed less than fully clear nails as acceptable for a primary endpoint.  225 
Several medical devices have received 510(k) clearance on the premise that they improve the 226 
appearance of nails by an increase of 3 mm or more in clear nail, measured from the proximal 227 
nail fold to the proximal margin of the affected portion of the nail.6  These devices have228 
demonstrated that this improvement is maintained or increased when assessed at 3 months and 6 229 
months after the last treatment, to reflect growth of clear nail.  All studies were performed in 230 
toenails, primarily the first toenail.  231 

232 
233 By way of comparison, pivotal studies performed in support of oral antifungal treatments have 
234 shown that the mean time to overall success is 10 months in toenails and 4 months in 
235 fingernails.7  These studies employed multiple endpoints, including complete visual clearance, or 
236 for partial responders at least 5 mm increase in clear nail at 36 weeks (9 months) after 
237 completion of treatment of the toenails and at 18 weeks after completion of treatment of the 
238 fingernails. 

6 Refer to K093547, K110370, K110375, K113702, K122358 

7 Refer to NDA 020539 
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239 
240 Nails which are structurally abnormal can only clear by outgrowth of the dystrophic component 
241 and replacement by newly-created, normal-appearing nail.  The mean growth rate for nails in 
242 healthy U.S. adults is 1.5 mm per month for toenails and 3-3.5 mm per month for fingernails.8 

243 Based on this mean growth rate, the ideal effective treatment would be expected to yield a fully 
244 replaced, clear fingernail in a healthy adult after approximately 6 months and a fully replaced, 
245 clear great toenail approximately 12 months after the initiation of treatment.  However, given the 
246 length of time after the initiation of treatment, it is possible that the nail would be re-infected 

276 
277 “Indicated for the temporary increase in clear nail in patients with onychomycosis 
278 (e.g., dermatophytes - Trichophyton rubrum and T mentagrophytes) only when 
279 used together with topical antifungal drug therapies approved to treat the 
280 accompanying tinea pedis and/or approved to treat onychomycosis.” 
281 

8 Yaemsiri S, Hou N, Slining MM, He K. Growth rate of human fingernails and toenails in healthy American young 
adults.  Journal of the European Academy of Dermatology & Venereology, 2010; 24(4): 420-23. 

during this time, in the absence of ongoing treatment.   247 
248 

2. Combining treatment with antifungal drugs or debridement249 
250 

Historically, device studies have allowed concomitant debridement and/or use of topical or 251 
systemic antifungal drug products, aimed at treating the nails or the skin.  The combination of 252 
debridement and/or antifungal drug therapy confounds the interpretation of the study results in 253 
determining the relative contribution of the device to the clinical outcome.   254 

255 
The Agency will continue to allow submission of clinical performance data evaluating the device 256 
with adjunctive interventions, with the exception of oral antifungal drugs.  The use of oral drugs257 
will likely confound any device results observed, and as a result, FDA does not believe such data 258 
can be used to support a substantial equivalence determination.  If topical antifungal agents are259 
employed, they should be administered according to their approved indications, route of 260 
administration, and dosage.   261 

262 
For truthful and transparent labeling, the Agency recommends that the device labeling reflect any 263 
adjunctive treatment in the Indications and Usage statement.  Recommended wording for a 264 
device whose clinical trials were performed with topical antifungals and/or debridement, for 265 
example, would be:  266 

267 
“Indicated for adjunctive use in the temporary increase in clear nail in patients 268 
with onychomycosis (e.g., dermatophytes - Trichophyton rubrum and T 269 
mentagrophytes).  This device should be used with manual debridement and/or 270 
approved topical antifungal drugs, whose use may need to be continued after 271 
completion of device treatment course, as stand-alone effectiveness of this device 272 
for this indication has not been demonstrated;” 273 

274 
or275 
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282 For transparency, FDA recommends that promotional materials to prospective patients and 
283 practitioners disclose that the device has been assessed as an adjunct to drug therapy or other 
284 intervention. 
285 
286 3. Differentiating aesthetic indications from medical indications 
287 
288 Devices cleared for improvement in the appearance of nails, or an increase in clear nail, could be 
289 misconstrued to be intended to treat onychomycosis.  To prevent misinterpretation, FDA 

319 mellitus, peripheral vascular disease, recurrent cellulitis, lymphatic insufficiency, or immune 
320 compromise (whether due to underlying medical disorders or to immunosuppressive treatments), 
321 exhibit an increased risk of bacterial infections.  In these patients, the skin breakdown induced by 
322 a fungus may provide a portal for bacterial infections, which consequently pose a significant 
323 health risk. Portals of entry can also be formed at sites of skin breakdown caused by adverse 
324 events in the course of a device-based treatment.  Furthermore, nails may appear to have an 
325 increase in clear area but still harbor fungal organisms; this is the distinction between the “clear 
326 nail” indication and an indication of treating onychomycosis.  For these reasons, it is 

recommends that the labeling for these devices contain clarifying language, to include:  290 
291 

“This device has not demonstrated effectiveness in the treatment of fungal 292 
infections. It is cleared only for improvement in nail appearance.”   293 

294 
4. Special populations295 

296 
The distinction between aesthetic improvement of the nail and elimination of a fungal infection 297 
is of particular clinical relevance for vulnerable populations, who require definitive antifungal 298 
treatment, and who may remain at ongoing medical risk by postponing definitive treatment.  To299 
protect these populations, the labeling should include the following statement:  300 

301 
“Warning: These devices should be used with caution in patients with diabetes, 302 
peripheral vascular disease, or immune-suppression, or with any other medical 303 
state which warrants definitive antifungal therapy.” 304 

305 
Devices that have not been studied in such populations should receive a similar warning. 306 

307 

B. Clinical trial considerations 308 
309 

The claim of temporary improvement in clear nails is an aesthetic one, but treatments will be 310 
performed in nails that are infected with a fungus.  Therefore, although the claim is aesthetic, 311 
clinical trial design should take into account the medical implications of the proposed protocol.  312 

313 
1. Special populations314 

315 
Ethical design of clinical studies mandates that risk to special populations be minimized.  Special316 
populations may be considered particularly vulnerable and may not be appropriate subjects for 317 
clinical studies assessing temporary increase in clear nail.  For example, patients with diabetes 318 
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327 recommended that patients with diabetes, immune suppression, peripheral vascular disease, 
328 lymphatic insufficiency, recurrent cellulitis, or other compromised states of health be excluded 
329 from participating in clinical trials intended to demonstrate improvement in the appearance of 
330 nails. 
331 
332 Sponsors and investigators are urged to design clinical studies which enroll a cross-section of 
333 subjects that reflects the US demographic.  This may include variable age, gender, and 
334 Fitzpatrick skin types (if needed). 
335 

Treatment with light sources whose wavelength is absorbed by melanin pose increased risk to 336 
individuals with darker skin types.  In addition, any modality that can induce injury to skin poses 337 
an increased risk for post-inflammatory hyperpigmentation in subjects with darker skin.  Since338 
the pigmentation of both the nails and the surrounding skin may affect response and treatment 339 
tolerance, it is recommended that studies be designed to allow assessment of safety and 340 
effectiveness in the target population.  If the nature of the treatment mandates restriction in 341 
Fitzpatrick skin phototypes in the clinical study, this should be reflected in the device labeling. 342 

343 
2. Inclusion/exclusion criteria: recommendations344 

345 
Clinical involvement 346 
Nails with 100% dystrophy or with involvement of the lunula can be very resistant to treatment 347 
due to permanent damage to the nail matrix (“root”); this may reduce the mean effectiveness 348 
assessed across a group of subjects.9  Conversely, nails with minimal distal changes may not be 349 
representative of the target populations for this procedure.  Therefore, it is recommended that the 350 
study population include nails with at least 25% involvement of the nail area and no more than 351 
75% involvement of the nail area. 352 

353 
Clinical presentations of onychomycosis 354 
There are several clinical forms of onychomycosis, differentiated by their appearance.  Some are 355 
appropriate for inclusion in device clinical trials, while others may be less appropriate for 356 
inclusion in clinical studies intended to demonstrate improvement in the appearance of nails.   357 

358 

 Distal subungual onychomycosis (DSO): This type of onychomycosis is the most 359 
common clinical presentation, in which the distal nail plate is separated from the nail bed.  360 
This infection is visualized as nails with normal surface texture and thickness but variable 361 
“bays” of white nail that extend from the distal nail tip proximally into the area of the nail 362 
bed. This form has been the cornerstone of antifungal drug studies.  Since it generally363 

364 does not involve the nail matrix, it is more amenable to improvement in clinical 
365 appearance than some other forms. 
366 

367  Proximal subungual onychomycosis (PSO): PSO is an uncommon form of 
368 onychomycosis that appears as a white discoloration below the nail plate at the base of 

9 Gupta A and Daniel III C. Factors that may affect the response of onychomycosis to oral antifungal therapy.  
Australasian Journal of Dermatology. Nov98, Vol. 39 Issue 4, p222-224 
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369 the nail, near the lunula. The distal nail retains normal appearance and texture.  PSO 
370 involves infection near the matrix, deep to the nail.  It may be associated with trauma to 
371 the nail or to immune compromise.  Therefore, the clinical presence of PSO may hint at 
372 an underlying medical disorder.  In addition, PSO may reflect different species of fungus.  
373 Moreover, obtaining samples for mycology studies prior to enrollment is not possible 
374 without piercing or removing the nail.  It is therefore recommended that this form of 
375 onychomycosis not be included in device clinical studies.   
376 

 Superficial white onychomycosis (SWO): This form of onychomycosis is defined by the 377 
appearance of a white coating on the nail surface.  This clinical form can be eliminated 378 
by filing or buffing the surface of the affected portion of the nail.  Since subjects might 379 
buff or file the nails during the study and confound the results, and since this form does 380 
not generally require any other treatment, SWO is not an ideal clinical form of 381 
onychomycosis for device trials or for post-market treatments. 382 

383 

 Complete dystrophy: Nails which are 100% dystrophic are manifested by yellowing and 384 
thickening of the entire nail unit.  These nails may be difficult to treat due to irreversible 385 
damage to the nail matrix.  In such cases even complete eradication of the fungus may 386 
not lead to normal nail growth rate or appearance.  Such nails may provide data that is 387 
relevant for subsequent clinical use, but these cases may also be more difficult targets for 388 
treatment.  If enrolled, it is recommended that this clinical form of onychomycosis be 389 
evaluated for improvement in appearance separately from other clinical forms, whose 390 
appearance may improve more readily with treatment. 391 

392 

 Other nail changes: Nail changes that appear as parallel lines, small pinpoint depressions, 393 
brown spots, black or brown linear streaks, complete yellowing of all nails without 394 
textural change, green debris below the nail, or notches in the nail margin may represent 395 
causes of nail dystrophy that are not fungal.  It is therefore recommended that all nails be 396 
evaluated by an expert in nail disease prior to enrolling such subjects in device clinical 397 
trials or post-market treatments.   398 

399 
Confirmation of fungal infection underlying nail appearance 400 
To support an Indication for Use of “temporary increase of clear nail in onychomycosis,” it is 401 
appropriate that all enrolled subjects be confirmed to have nails infected by the common fungal 402 
organisms implicated onychomycosis.  In the United States, Trichophyton rubrum accounts for403 
roughly 80% of toenail onychomycosis, with additional infections caused by Trichophyton404 
mentagrophytes or Epidermophyton floccosum; other observed but less common fungal405 
infections of the toenails include Candida parapsilosis, and Fusarium species.10  In fingernail406 

407 onychomycosis, Candida albicans accounts for over 50% of cases, with another 25% accounted 
408 for by Trichophyton rubrum; other Candida species comprise most of the remaining cases.10  By 
409 enrolling subjects whose nails have been demonstrated to harbor these organisms, studies are 
410 more likely to generate data that is clinically meaningful.  It is recommended that nails infected 

10Foster KW, Ghannoum MA, and Elewski BE.  Epidemiologic surveillance of cutaneous fungal infection in the 
United States from 1999 to 2002.  Journal of the American Academy of Dermatology.  2004;50(5):748-52. 
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411 by rare fungal species or non-fungal organisms such as mold or bacteria be excluded, as their 
412 data is unlikely to provide information that is widely applicable. 
413 
414 Common methods for identifying the presence and type of fungus present in nails include stains 
415 (e.g. periodic acid Schiff (PAS); silver stains; potassium hydroxide (KOH)) and fungal culture.  
416 Negative stains, particularly PAS and silver stains, provide convincing evidence that the sampled 
417 portion of the nail is free of fungal organisms.  However, while finding fungal organisms within 
418 the nail plate using fungal stains provides convincing evidence of the presence of fungus, it does 

not speak to the organism’s viability, and it does not identify the type of fungus.  Identification 419 
of the organism and determination of its viability, both of which are critical pre-treatment data, 420 
are accomplished by culture.   421 

422 
The best evidence that a nail is suitable for a clinical study would be a concurrent positive stain 423 
and positive culture demonstrating the growth of T. rubrum or other common dermatophyte or C.424 
albicans. Therefore, it is suggested that prior to enrollment, both a stain and culture be obtained.   425 

426 
It is known that cultures may yield false negative results.  If the stain exhibits fungal organisms 427 
but the culture fails to grow a fungus, the culture may be repeated.  If two sequential cultures are428 
negative, it is recommended that the nail not be included in the study, as the fungus may be 429 
partially treated, fastidious, or otherwise not representative of the target strains.  Sponsors may 430 
wish to stain and culture material from two nails from an affected foot or hand in parallel to 431 
expedite this process.  The finding of positive stains with negative cultures from two nails would 432 
suggest the subject is not a good candidate for the study. 433 

434 
Co-morbidities 435 
Subjects with psoriasis, lichen planus, or other medical conditions known to induce nail changes 436 
may also have superimposed fungal nail infections.  Trauma from ill-fitting shoes, running, or 437 
overly-aggressive nail care can also induce changes visually indistinguishable from 438 
onychomycosis.  These causes of nail breakdown can predispose to secondary fungal infection.  439 
However, it cannot be predicted whether treatments aimed at increasing clear nail in patients 440 
with onychomycosis would also improve the appearance of nail changes when those nail changes 441 
are due to an additional causative condition.  It is therefore advisable to avoid inclusion of 442 
subjects known to have such medical conditions, as their response may not be indicative of the 443 
effects of the device on nails that are infected by fungus but are otherwise normal. 444 

445 
Prior or ongoing antifungal drug therapy446 
Systemic antifungal drugs are deposited in the nail substance and remain in the nail until the nail 447 

448 grows and is trimmed.  Based on the known rates of nail growth in healthy adults, it is expected 
449 that nails exposed to even one dose of an antifungal drug may contain the drug for 1 year in the 
450 case of toenails and 6 months in the case of fingernails.  Enrollment of subjects who have been 
451 exposed to antifungal drugs in the 12 months prior (in the case of toenails) or 6 months prior (in 
452 the case of fingernails) could confound interpretation of the study data, and it is therefore 
453 recommended that these subjects be excluded from any device study. 
454 
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455 Topical antifungal drugs are less effective in providing clinical clearance of onychomycosis.  
456 However, their presence can reduce the sensitivity of fungal cultures, even if applied only to the 
457 skin of the affected hand or foot. It is therefore recommended that a significant washout period 
458 be applied when enrolling patients who have undergone topical treatment of the skin or nails, and 
459 that such treatments be avoided during the clinical trial and follow-up period.   
460 
461 Demographics 
462 It is recommended that the enrollment include adequate US demographic representation of the 

492 
493 The 95% one-sided confidence interval (i.e., lower bound only) around the observed response 
494 rate as described below should be ≥50%. 
495 
496 Toenails: (based on assessment in the first toe nail) 
497 
498 

intended population with regard to gender, age, ethnicity, and skin phototype. 463 
464 

3. Adjunctive therapies465 
466 

Adjunctive therapies in clinical trials of devices are suboptimal as they may mask the true 467 
performance of the device.  Nonetheless, if a clinical trial is designed in which antifungal drug 468 
therapy or other intervention is administered in parallel to the device treatment, the adjunctive 469 
intervention should be consistent across all study subjects, and the full regimen should be 470 
included in the recommended treatment protocol as well as the device labeling.  Sponsors might 471 
consider including a control which utilizes only the adjunctive therapy, in order to identify the 472 
incremental benefit provided by the device.  For example, studies that include topical antifungal 473 
drugs may be able to provide additional data in support of device effectiveness by performing a 474 
contralateral controlled study, in which both feet (or hands) are exposed to the topical antifungal 475 
agent, but only one side is exposed to the device treatment.  Such a study design would require 476 
special considerations if blinding or placebo were to be incorporated. 477 

478 
It is recommended that debridement not be carried out more proximally than the most proximal 479 
margin of the dystrophic nail, as this can interfere with assessment of clear nail area attributable 480 
to the device intervention. If debridement is used in clinical studies performed in support of a 481 
device, the debridement procedures should be well described in the clinical protocol, used 482 
consistently in study subjects, and included in the recommended treatment protocol as well as the 483 
device labeling.484 

485 
4. Endpoints486 

487 
Based on the nail growth rates described in the “regulatory considerations” section above, and to 488 
provide a fair and informative guideline for assessment of the success of a treatment, FDA 489 
recommends the following effectiveness endpoints be used in a study to demonstrate temporary 490 
increase in clear nail. 491 
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499  To be defined as a responder, a nail would need to meet one of the following 
500 measurements of clear nail increase: 
501 o at least 6 mm increase in clear nail measured from the proximal nail fold 
502 to the most proximal area of nail dystrophy, with evidence of distal growth 
503 of the affected area, 6 months after the first treatment; 
504 or 
505 o an additional 60 mm2 of clear nail (based on width of the first toenail), 
506 with evidence of outward growth of the affected area, 6 months after the 
507 
508 
509 
510 
511 

512  
513 
514 

515  
516 
517 
518 
519 
520 

521 
522 
523 
524 
525 
526 
527 
528 
529 
530 

first treatment; 
or 

o complete clearance 6 months after the first treatment if less than 6 mm 
distal nail was involved prior to treatment.   

Treatments may be continued, as the clear nail will be measured 6 months after 
the initiation of treatment.   

The response should be progressive in at least 2 sequential timepoints that are at 
least 3 months apart, with a projected increase in clear nail of at least 1 mm per 
month. 

Fingernails: (based on assessment in the thumb nail) 

 Measurement of clear nail increase: 
o at least 12 mm increase in clear nail, with evidence of distal growth of the 

affected area, 6 months after the first treatment; 
or 

o an additional 90 mm2 of clear nail (based on width of the thumb nail), with 
evidence of outward growth of the affected area, 6 months after the first 
treatment; 

or 
o complete clearance 6 months after the first treatment if less than 12 mm 

distal nail was involved prior to treatment.   
531 

532  Treatments may be continued, as the clear nail will be measured 6 months after 
533 the initiation of treatment.   
534 

535  The response should be progressive in at least 2 sequential timepoints that are at 
536 least 3 months apart, with a projected increase in clear nail of at least 2 mm per 
537 month. 
538 
539 These recommended endpoints arise from the combined consideration of the expected response 
540 to an effective treatment (in which the majority of nails would respond) with the known slower 
541 nail growth rate in older individuals and in certain disease states.  It is anticipated that at least 
542 half the treated nails would show a response within the designated time frame for assessment, 
543 while slower-growing nails would achieve the response later.   
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544 
545 FDA may consider alternate endpoints and/or response rates for devices which pose very high or 
546 very low risk. If alternate endpoints are being considered, FDA recommends that you contact 
547 the Agency through the pre-submission process to discuss these endpoints.   
548 
549 Studies performed on fingernails only should only be used to support an IFU in the fingernails.  
550 Studies which include the toenails can be used to support an IFU of all nails. 
551 

The indication of “temporary increase in clear nail” is an aesthetic endpoint, and as such study 552 
endpoints will reflect visual improvement in clear nail.  A number of methods can be employed 553 
to assess the improvement.  In some trials, multiple methods may be employed to offer the most 554 
accurate assessment. 555 

556 

 Millimeters of clear nail: The simplest method of assessing increase in clear nail is 557 
sequential measurements of the distance from the proximal nail fold to a predefined distal 558 
mark, such as the most proximal edge of the nail change.  Effective therapy will allow 559 
normal nail to replace the affected nail as it grows, leading to a progressive increase in 560 
the distance from the proximal nail fold to the most proximal portion of the nail change.  561 
Measurement to the distal margin of the nail is not recommended as nail trimming can 562 
introduce artifact into the measurement.  The drawback of this technique is that the nail 563 
dystrophy may not form a well-demarcated line, nor will it necessarily be parallel to the 564 
proximal nail margin.  Furthermore, such techniques do not account for variable rates of 565 
nail growth. Variations on this method can overcome this limitation.  For example, a nail 566 
file can be used to etch a shallow horizontal line parallel to the horizontal portion of the 567 
proximal nail fold; this line would be placed at the most proximal portion of the 568 
dystrophic nail. This line can serve as both a marker for nail growth rate, to confirm the 569 
nail is growing, as well as for marking the most proximal point of the nail dystrophy. 570 

571 

 Clear nail area (mm2): An increase in the area of the nail that is clear can provide 572 
clinically-meaningful data, and this method overcomes the limitations imposed by 573 
uneven margins of a dystrophic nail segment.  This method suffers from more complex 574 
evaluation methods with standardized photography equipment and dedicated software.  575 
Providing that methods can be validated, a measurement of area, presented as millimeters 576 
squared, can yield objective data. Presentation of the same data as percentage is less 577 
desirable, as nail trimming or debridement can artificially increase the percent of the nail 578 
which is clear.  Therefore, measurement of clear nail area in square millimeters provides 579 
a more reliable, stand-alone objective measurement than percent clear nail. 580 

581 

582  Photographic assessment:  Visual evidence of improvement underlies all aesthetic 
583 treatments, including the indication of “temporary increase in clear nail,” and therefore 
584 will represent the bulk of the study data.  FDA recommends submission of all 
585 photographic data gathered in the performance of a clinical study for this indication, in 
586 order to assess the visual change. To ensure adequate photographic quality and to 
587 maximize the ability to compare photographs across timepoints and across subjects, a 
588 standardized photography protocol should be put in place.  Photographs should be 
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589 unedited and unretouched and should be assembled and presented in an organized fashion 
590 to facilitate FDA review.  Sponsors may choose to score the nail appearance on a 
591 numerical scale or use another categorization tool.  When such tools are used, they are 
592 most reliable when photographs are evaluated in a blinded manner and when the scores of 
593 multiple independent, blinded observers are combined.  The use of training aids, such as 
594 representative photographs for each score or category, add to the accuracy and reduce 
595 inter-observer variability and should therefore be considered. 
596 

 3-Dimensional improvement: Dystrophic nails may also be thickened.  Means of597 
assessing nail thickness, using calipers or photography from an appropriate angle, may be 598 
used as additional tools in assessing improvement in nail appearance.  Such assessment 599 
would be less relevant if debridement were used in the treatment protocol. 600 

601 

 Composite endpoints: Methods of assessing “overall improvement” or multi-axis scoring 602 
systems can be of use in some aesthetic indications.  However, these endpoints should be 603 
used with caution as they can be subjective or easily affected by non-quantifiable factors.  604 
Furthermore, such scales may lack clinical validation.  If a composite endpoint is chosen, 605 
it is recommended that it be a secondary endpoint and that it be discussed with the FDA 606 
prior to commencement of the study. 607 

608 

 Nested studies endpoints: The endpoints for an indication of clear nail may later be used 609 
to support an indication for treatment of onychomycosis, when combined with 610 
appropriate mycology studies and controls.  As will be discussed below, a study can be 611 
designed to provide data in support of a clear nail indication in the first phase, and after 612 
continued follow-up and analysis of the relevant additional data, further endpoints can be 613 
used to support an indication of treating onychomycosis in a second phase of the study. 614 

615 
5. Follow-up616 

617 
In the absence of fungal re-infection or recurrence, it is anticipated that successful treatment will 618 
result in stable and progressive increase in clear nail.  To assess the effectiveness of the response 619 
to treatment, an ideal study would follow the nails until they are completely replaced by clear 620 
nail. As discussed above, based on the average growth of nails this follow up duration would 621 
translate to roughly 6 months after the first treatment for fingernails and 12 months after the first 622 
treatment for toenails.   623 

624 
The FDA recognizes that there is an inherent rate of re-infection or recurrence, and that the goal 625 

626 of studies in support of clear nail indications is to assess the improvement in appearance in 
627 response to treatment, rather than the ability to prevent re-infection.  However, sponsors are 
628 reminded that prospective patients and providers will have interest in data about recurrence rates. 
629 
630 6. Controls 
631 
632 When possible, clinical trials benefit from the use of well-selected controls.  In the design of 
633 trials assessing body sites which are symmetric, such as the hands and feet, the use of a 
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634 contralateral untreated control can be of great value, provided the two sides have similar 
635 involvement at baseline.  This type of control is of particular value in studies whose design 
636 includes the concomitant use of a topical antifungal drug.  When the baseline severity of the two 
637 sides is not similar, a contralateral control with crossover may allow maximal use of the 
638 contralateral side as control. 
639 
640 Using the “before” status or photos of a nail as a control may not be sufficient.  Sponsors are 
641 encouraged to consider contralateral control design when possible, as this approach reduces 

inter-subject variability.  Additional controls that have been employed include untreated 642 
individuals or historical controls.  These approaches suffer from multiple limitations; the use of 643 
such data may not provide adequate comparator data or may necessitate a larger number of 644 
subjects for adequate statistical power.  Sponsors and investigators are advised to consult with a 645 
statistician and with the Agency.646 

647 
7. Blinding648 

649 
The use of blinding in clinical trials that assess visual improvement strengthens the data by 650 
removing conscious or unconscious bias by the observer and by reducing placebo effect in the 651 
subject when patient reported outcomes or unblinded photographic analysis is used.  When652 
possible, the use of a sham strengthens study design.  This may only be possible for treatments 653 
which cannot be felt by the treated subject, as may be the case in low level laser therapy, for 654 
example.  Blinding may be difficult when a laser or other energy-based treatment can be 655 
distinguished by the subject if the active intervention leads to heating or discomfort.  However,656 
blinding of the observer is possible and recommended.  This blinding can be accomplished by 657 
providing unmarked before and after photographs, or by providing unlabeled “treated” and 658 
“control” photographs to independent observers.  The FDA recommends use of blinded 659 
assessment to provide maximally objective data. 660 

661 
8. Dose considerations662 

663 
The Indication for Use of “temporary increase in clear nail” does not distinguish between 664 
different nails. Historically, studies in clear nail were performed on the first toe, which has the 665 
largest nail, and which nail is most often affected.  However, in practice the treatment will be 666 
applied to the smaller toenails as well as to fingernails.  The differing thickness and area of these667 
nails, together with potential differences in heating of underlying neural and vascular structures, 668 
may require that different doses of energy be applied to the first vs. other toenails and to the 669 
toenails vs. the fingernails. Clinical trials and labeling should address dose considerations so as 670 

671 to assess and ensure adequate safety and effectiveness in these different body sites. 
672 
673 9. Data analysis 
674 
675 Clinical trial data can be analyzed in several different manners in order to evaluate whether a 
676 device is safe and effective, to confirm a response to a particular regimen, to identify a dose-
677 response relationship in both safety and effectiveness, to test whether different nail changes 
678 respond differently, and to unmask sources of confounding.  For trials that study the response of 
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679 a nail whose appearance has been altered by fungal infection, several different analyses may be 
680 relevant.  Analysis of data as a function of each of these may provide information that will assist 
681 FDA in evaluating the performance of the device.  Such analyses may also provide valuable 
682 information to the sponsor with respect to training, marketing, and development of devices for 
683 clear nail indications. Suggested analyses include: 
684 

685  Increase in clear nail at each timepoint of evaluation after the last treatment 
686  Increase in clear nail as a function of the number of treatments, energy dose, or other 

controllable variable687 

 Subgroup analysis of response by clinical subtype (e.g., distal subungual onychomycosis, 688 
total dystrophy)689 

 Subgroup analysis by fungal species isolated prior to enrollment 690 

 Subgroup analysis by baseline severity691 

 Subgroup analysis by degree of response (e.g., complete response or clearing, >75% 692 
clear, 50-75% clear)693 

 If multiple nails are affected, subgroup analysis of toenails  vs. fingernails, or first nail vs. 694 
smaller nails 695 

 If relevant, device alone vs. device with adjunctive topical antifungal or debridement 696 
697 

When responder analysis is reported on a per nail basis, per subject analysis should be included.  698 
699 

10. Adverse event monitoring 700 
701 

Post-market monitoring of devices cleared for temporary increase of clear nail has identified 702 
several adverse events which may be device-related.  These adverse events include edema, 703 
burn/blister, disfigurement of nails, infection of soft tissue, infection of the underlying bone, 704 
deep tissue damage and nerve damage, and delayed wound healing.  Some of these events were 705 
associated with device output failure or user error, while others occurred when the device was 706 
used and operating within specifications. 707 

708 
In light of these reports, sponsors, investigators, and practitioners are urged to be mindful that 709 
energy-based treatments do pose risks.  In the context of the aesthetic Indications for Use of 710 
“temporary increase in clear nail,” the benefit-risk analysis is particularly important.  All adverse711 
events related to such procedures should be reported by type, severity, duration, and outcome, 712 
and relationship to the device or procedure in order to develop an accurate understanding of the 713 
risks and benefits of these procedures.714 

715 

716 C. Statistical Considerations 
717 
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718 Like studies for other medical products, clinical studies for devices aimed at treating or 
719 improving the appearance of fungally infected nails should be well designed with valid 
720 statistical analysis plans. Many general statistical principles such as study design, objective 
721 (e.g., superiority or non-inferiority), randomization, prespecification of analyses (e.g., method, 
722 covariates), multiplicity control of type I error due to multiple endpoints or analyses, 
723 determination of analysis populations (e.g., ITT, per protocol), handling of missing data, use of 
724 interim or subgroup analyses, etc., are issues that need to be addressed for devices intended to 
725 treat nails in the same way as for other medical devices.  As such, these topics will only be 

755 
756 5. The level of blinding (patient/investigator/evaluator) should be carefully considered.  
757 Double-blinded studies should be conducted whenever possible.  However, when this is 
758 not possible, investigator- or evaluator-blinding should be considered.  The use of 
759 photographic evaluations may also be used to maintain the blind; however, assessment 
760 of depth is typically compromised with photographs.  It is prudent to have as much 
761 blinding as possible due to the degree of subjectivity in assessing endpoints with nail 
762 products. 

briefly discussed here.726 
727 

1. The study objective(s) should be clearly stated as superiority, non-inferiority.  The null728 
and alternative hypotheses should be stated in text and in statistical notation, including 729 
the non-inferiority margin (delta), along with appropriate justification if the study is a 730 
non-inferiority trial.731 

732 
2. Study designs with randomized, concurrent controls are recommended whenever 733 

possible. For products not expected to have systemic effects, the most efficient design 734 
would be a within-patient controlled design, where nail(s) on one foot get the 735 
investigational treatment and nail(s) on the other foot get the control treatment.  This736 
“split-foot” design reduces the patient to patient variability and thus requires a smaller 737 
sample size.  Another strong design is the controlled parallel group design, where 738 
treatment (investigation or control) is randomly assigned to subjects in two independent 739 
groups. FDA recognizes the inherent limitations with historically controlled studies 740 
and recommends other study designs be utilized when appropriate. 741 

742 
3. There should be a statistical justification of sample size, which is typically based on743 

type 1 error, power, and expected outcomes considerations.  In some cases, there may 744 
be a need to power the study for safety as well, as there may be a low tolerance for 745 
serious or bothersome adverse reactions.  The final sample size is a judgment and 746 
depends upon prior experience with the class of products.  If a performance goal is 747 
being used, such as a 50% response rate, then the (lower bound) 95% one-sided 748 
confidence interval around the observed success rate in the study population should be 749 
≥50%.750 

751 
4. Randomization scheme should be fully described, including the randomization ratio, 752 

and any use of stratification or block size.  It should also be specified whether the 753 
randomization is centrally controlled or managed at each site. 754 
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763 
764 6. Studies for devices intended to treat nails may have a number of assessments that are 
765 used to define the primary and secondary endpoints.  The number of assessments 
766 may be due to the multifaceted nature of the condition (e.g., color, area, thickness, 
767 texture), the number of assessors (e.g., investigator, subject, or blinded evaluator), or 
768 the timepoints for assessment.  When appropriate, scales should allow for worsening of 
769 the condition as well as improvement.  Studies may evaluate efficacy, safety, or patient 
770 satisfaction outcomes.  All scales used should be validated to the extent possible. 
771 

7. If efficacy is based on the number of patients responding to treatment (i.e., a responder 772 
analysis), then the patient success decision rule should be described. This may 773 
involve meeting a single criteria or meeting all components of a composite endpoint.      774 

775 
8. The overall study success decision rule should be prespecified. Study success should 776 

depend on both clinical significance and statistical significance.  The protocol should777 
include a plan for adjusting for multiplicity in cases with more than one endpoint to 778 
control the type I error.  779 

780 
9. The follow-up schedule should be fully described. Long-term follow-up may be 781 

needed to assess duration of effect (i.e., for one-time use or intermittent use products).  782 
Protocols should include plans to minimize loss to follow-up, especially in cases where 783 
subjects may not be motivated to return for follow-up after receiving treatment or 784 
complying with only some of the post-treatment visits. 785 

786 
10. The length of treatment or the number and spacing of treatments should be specified.  787 

Data should be collected on dosing or volume of product administered. 788 
789 

11. The statistical methods to be used for the analysis of all endpoints should be specified 790 
in the statistical plan, and should be appropriate for the type of data collected.  If the791 
statistical method will incorporate important covariates, such as with various 792 
regression methods or subgroup analyses, the covariate list should be prespecified.  793 
How the covariates will be used should be spelled out in the statistical plan. 794 

795 
12. The primary analysis cohort (e.g., ITT, modified ITT, per-protocol) should be pre-796 

specified. If other analysis cohorts will be used, these should be prespecified as well. 797 
798 

13. For some types of treatments administered by the investigator, the investigator 799 
800 technique may impact the results.  Studies should be designed to enroll sufficient 
801 numbers of subjects per center so that investigator-to-investigator variability and 
802 treatment-by-center interactions can be adequately assessed. Number of 
803 investigational centers planned (#US and #foreign) should be carefully considered. 
804 
805 14. If the study is a non-inferiority study, the control treatment should be shown to be 
806 effective at the primary analysis time point.  It would be inappropriate to evaluate non-
807 inferiority/equivalence to an ineffective treatment. 
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808 
809 15. Primary and secondary endpoints intended for labeling should be clinically relevant 
810 and supported by appropriate prespecified statistical hypotheses.  The labeling should 
811 only reflect what was demonstrated in the clinical trial. 
812 
813 16. There should be a plan for handling missing data which includes the type of 
814 imputation that will be used for missed observations and a plan for a sensitivity 
815 analyses. 

845 fungal etiology. 
846 2) The physician labeling should indicate that the device has not been cleared to treat 
847 fungus, as discussed in the Regulatory Considerations section above. 
848 
849 As discussed in the Regulatory Considerations section above, due to the potentially increased 
850 risk of these treatments in patients with diabetes, peripheral vascular disease, immune 
851 suppression, and other compromised medical states, the labeling should include a warning in 

816 
17. Any planned subgroup analyses should be prespecified or they will be considered 817 

exploratory.  In some cases a multiplicity adjustment is needed. 818 
819 

18. Any planned interim analyses (i.e., early stopping for futility or effectiveness) should 820 
be prespecified. The purpose of the analysis should be clearly stated as well as the 821 
alpha spending function to be used to control the overall type 1 error.   822 

823 
19. The kappa statistic, weighted kappa, or intra-class correlation coefficient (ICC) 824 

may be used to measure inter-rater agreement, intra-rater agreement, or reliability 825 
depending on the nature of the data (e.g., dichotomous, ordered categorical, 826 
continuous). It is reasonable to obtain more than one opinion on the amount of clear 827 
nail.828 

829 
20. Some trials require the use of a Data Safety Monitoring Board (DSMB).  An interim830 

analysis of safety may be needed if the risk of the medical device is high.  831 

832 
833 

D. Labeling Considerations 834 
835 

Devices which are cleared for “temporary increase in clear nail in patients with onychomycosis” 836 
should be clearly labeled for this indication.  Specifically, claims should be limited to aesthetic 837 
improvement.   838 

839 
Since the IFU specifies visual improvement in fungally-infected nails, appropriate labeling 840 
should include language which states this clearly by conveying both components of the IFU: 841 

842 
1) Target nails are those whose appearance is altered due to fungal infection.  Physician843 

labeling should list the species assessed, and should recommend that physicians confirm 844 
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852 both the physician and patient labeling stating that these devices are to be used with caution in 
853 these populations. 
854 
855 The labeling for devices cleared for a “clear nail” indication should be strengthened by inclusion 
856 of details regarding the clinical study data.  Suggested data for inclusion are: 
857 
858 Physician labeling: 
859 

 Representative before and after photos of nail with various severities prior to treatment 860 

 Description of the treatment protocol used, including any adjunctive interventions such as 861 
topical antifungal drugs or debridement862 

 Potential and observed adverse events, and frequency as available 863 

 A table summarizing the percent complete responders, partial responders (which may be 864 
further stratified), and non-responders.865 

 Fungal species assessed, and response rates for each species. 866 

 Clinical presentations of onychomycosis assessed (e.g., DSO). 867 

 If a controlled study, results should be reported for both treated and control data with p-868 
values for any statistical comparison tests performed. 869 

 Caveat that the results represent the US population, and that these data may not be 870 
extrapolatable to other strains or other geographic areas. 871 

872 
Patient labeling:873 

874 

 Representative before and after photos of nail with various severities prior to treatment. 875 

 Description of the treatment protocol used, including any adjunctive interventions such as 876 
topical antifungal drugs or debridement. 877 

 A table summarizing the percent complete responders, partial responders (which may be 878 
further stratified), and non-responders.879 

 Potential and observed adverse events and frequency as available. 880 

 If a controlled study, results should be reported for the untreated group (p-values need not 881 
be included here).882 

883 

IV. TREATMENT OF ONYCHOMYCOSIS884 
885 

A. Regulatory considerations 886 
887 
888 1. Defining “treatment of onychomycosis” 
889 
890 In contrast to the indication of “temporary increase in clear nails in patients with 
891 onychomycosis,” which provides support only for aesthetic improvement, the IFU of “treatment 
892 of onychomycosis” is a medical indication, based on reduction or elimination of fungal 
893 organisms as assessed by mycological testing.  As discussed in section III.A.1 (Defining 
894 “temporary increase in clear nail”), stains may be used to assess the presence or absence of 
895 fungal organisms, while culture is needed to assess whether the organisms are viable and to 
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896 identify the species. Mycological cure is therefore defined as simultaneous occurrence of 
897 negative stain and negative culture. However, in slow-growing nails, there may be residual 
898 fungal forms detectable by staining which are not viable.  In such cases, two serial negative 
899 cultures from the same nail may provide evidence of mycological cure. 
900 
901 Mycological cure may be assessed in parallel to clear nail.  Antifungal drug studies have also 
902 assessed overall response rate using an endpoint of “effective treatment” which was defined as 
903 mycological cure plus 0% nail involvement or a pre-defined minimum distance of unaffected 

933 
934 4. Special populations 
935 
936 As discussed in section III.A.4 (Special populations), effective treatment of a fungal infection is 
937 of particular clinical relevance for vulnerable populations, who may remain at ongoing medical 
938 risk with partially-treated or unsuccessfully-treated onychomycosis.  Furthermore, in these 

11Yaemsiri S, Hou N, Slining MM, He K.  Growth rate of human fingernails and toenails in healthy American young 
adults.  Journal of the European Academy of Dermatology & Venereology, 2010; 24(4): 420-23. 

nail growth, to allow inclusion of nails which are mycologically cured but whose slow growth 904 
precludes complete nail replacement within the anticipated timeframe. 905 

906 
As discussed above, nails which are structurally abnormal can only clear by outgrowth of the 907 
dystrophic component and replacement by newly-created normal-appearing nail.  Based on the908 
mean growth rate for nails in healthy US adults, the ideal effective treatment would be expected 909 
to yield a fully clear fingernail after approximately 6 months and a fully clear great toenail 910 
approximately 12 months after the initiation of treatment.11  In contrast to the IFU of “temporary 911 
increase in clear nail,” it is anticipated that effective treatment of the fungus underlying 912 
onychomycosis will lead to durable changes in the nail after 6 and 12 months, respectively.  Any913 
regression could indicate incomplete or unsuccessful elimination of the fungus or recurrent 914 
fungal infection.915 

916 
2. Combining treatment with antifungal drugs or debridement917 

918 
Due to the nature of the indication, the use of antifungal drug therapy of any kind in studies 919 
performed in support of “treatment of onychomycosis” could compromise assessment of device 920 
effectiveness and are therefore not recommended.  Debridement may be offered for functional 921 
improvement, but such interventions should be used uniformly across study subjects with given 922 
severities and should be disclosed in labeling.   923 

924 
3. Species-dependent outcomes925 

926 
Clinical studies may reveal that different organisms respond differently to the procedure, or may 927 
require varying doses or treatment protocols.  However, the Indication for Use of “treatment of 928 
onychomycosis” is worded broadly.  A sponsor may choose to specify within the IFU what 929 
species can be treated effectively, or may provide this information in the labeling.  The goal in930 
either case is to ensure that the device be used to treat only nails which are likely to respond to 931 
the treatment protocol. 932 
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939 populations, trauma to the nail due to potential adverse events during the procedure may result in 
940 delayed wound healing or may predispose to severe or life-threatening infections.  To protect 
941 these populations, the labeling should include the following statement:  
942 
943 “Warning: These devices should be used with caution in patients with diabetes, 
944 peripheral vascular disease, or immune-suppression, or with any other medical 
945 state that renders the foot at risk of infection or delayed wound healing.” 
946 

976 to treatment, both due to anatomical factors and due to variably sensitive organisms.  It may 
977 therefore be of value to evaluate various clinical forms separately, or to analyze and report the 
978 outcomes obtained in the treatment of different clinical forms of onychomycosis separately. 
979 
980 Confirmation of fungal infection  
981 As described section III.B.2 (Confirmation of fungal infection underlying nail appearance), a 
982 small number of fungal strains are the predominant causes of toenail and fingernail 
983 onychomycosis.  To maximize the clinical relevance of trial results, and to provide data that is 

Devices that have not been studied in such populations should receive a similar warning. 947 
948 

B. Clinical trial considerations 949 
950 

1. Special populations951 
952 

As discussed above (section III.B.1 (Special populations)), ethical design of clinical studies953 
mandates that risk to special populations be minimized.  Special populations may be considered 954 
particularly vulnerable and may not be appropriate subjects for clinical studies assessing 955 
treatment of onychomycosis in lieu of definitive therapy, until such procedures are demonstrated 956 
safe and effective.  It is recommended that subjects with diabetes mellitus, peripheral vascular 957 
disease, recurrent cellulitis, lymphatic insufficiency, or immune compromise (whether due to 958 
underlying medical disorders or to immunosuppressive treatments), or other compromised states 959 
of health be excluded from participating in clinical trials intended to treat onychomycosis. 960 

961 
Investigators are urged to design clinical studies which enroll a cross-section of subjects that 962 
reflects the US population by including relevant ages, both genders, and the Fitzpatrick skin 963 
types, if applicable, in which it is anticipated the device will be used.   964 

965 
2. Inclusion/exclusion criteria: recommendations966 

967 
Clinical involvement 968 
The recommendations discussed above (section III.B.2 (Clinical involvement) will also apply to969 
studies performed in support of the treatment of onychomycosis.   970 

971 
Clinical presentations of onychomycosis 972 
The different clinical forms of onychomycosis, which are differentiated by their appearance, are 973 
discussed in section III.B.2 (Clinical presentations of onychomycosis). Certain clinical forms are 974 
associated with particular species of fungus.  As such, some clinical forms may be more resistant 975 
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984 most predictive of treatment response in the population of patients with onychomycosis, it is 
985 recommended that studies include only subjects whose nails have been demonstrated to harbor 
986 the common causative organisms and exclude subjects whose nails are infected by rare fungal 
987 species or non-fungal organisms such as mold or bacteria. 
988 
989 To support an IFU of “treatment of onychomycosis,” it is appropriate that all enrolled subjects 
990 have confirmed nail infection by one of these fungal organisms prior to treatment and that the 
991 nails be definitively assessed for cure of the fungal organism at the relevant timepoint after 

treatment.  Mycological cure is defined as negative stain (e.g. periodic acid Schiff (PAS); silver 992 
stains; potassium hydroxide (KOH)) concurrent with negative fungal culture.  The concurrence993 
of a negative stain and a negative culture from the same nail may be considered definitive.  In the994 
event that the stain and the culture provide conflicting results, i.e., one is positive and the other 995 
negative, resolution may be obtained by several approaches.  A nail which shows fungal996 
organisms by staining may yield a negative culture.  It is known that cultures may yield false 997 
negative results in up to 30% of cases due to partially-treated organisms, fastidious organisms, 998 
nuances in laboratory methodology, or recent contact with a topical microbicidal agent 999 
(including alcohol or acetone applied to the nail prior to collecting the specimen).12  Conversely,1000 
in slow-growing nails the distal nail margin may contain non-viable organisms, leading to a true 1001 
negative culture and a positive stain.  In this case also, two serial negative cultures from the same 1002 
nail may provide evidence of mycological cure.   1003 

1004 
Co-morbidities 1005 
Many non-fungal conditions can affect nail appearance, including psoriasis, lichen planus, 1006 
trauma from ill-fitting shoes, running, or overly-aggressive nail care.  These conditions may be 1007 
the primary cause of nail dystrophy but may also predispose a subject to secondary fungal 1008 
infection. While these subjects may benefit from procedures which can treat the secondary 1009 
onychomycosis, it is recommended that they not be included in clinical studies, as the nail 1010 
appearance may remain abnormal despite successful eradication of the fungus. 1011 

1012 
Prior or ongoing antifungal drug therapy1013 
Because systemic antifungal drugs are deposited in the nail substance and remain in the nail until 1014 
the nail grows and is trimmed, enrollment of subjects who have been exposed to antifungal drugs 1015 
in the 12 months prior (in the case of toenails) or 6 months prior (in the case of fingernails) could 1016 
confound interpretation of the study data and is not recommended. 1017 

1018 
While topical antifungal drugs are less effective in providing clinical clearance of 1019 
onychomycosis, their application can interfere with fungal cultures, even if applied only to the 1020 

1021 skin. It is therefore recommended that such treatments be discontinued prior to screening and 
1022 enrollment and for the duration of the clinical trial and follow-up period.   
1023 
1024 3. Adjunctive therapies 
1025 

12Fletcher CL, Hay RJ, and Smeeton NC. Onychomycosis: the development of a clinical diagnostic aid for toenail 
disease. Part I. Establishing discriminating historical and clinical features. Br J Dermatol. 2004 Apr;150(4):701-5. 
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1026 Adjunctive medical therapies may mask the true performance of the device.  The use of a topical 
1027 or systemic antifungal therapy would preclude the ability to assess true safety and effectiveness 
1028 of a device in treating onychomycosis and are therefore not recommended.  If a sponsor or 
1029 investigator wishes to assess the ability of a second intervention to work in synergy with a 
1030 device, for example, a topical product that would increase the absorption of laser light, 
1031 appropriate study design could be established in support of the combination, by providing 
1032 properly-controlled comparative data of the product alone, the device alone, and the 
1033 combination.  Sponsors are urged to discuss such study designed with the Agency in advance, 

1063 

1064  The response should be progressive in at least 2 sequential timepoints that are at 
1065 least 3 months apart, with projected increase of at least 1 mm per month. 
1066 
1067 Fingernails: (based on assessment in the thumb) 
1068 

13 See 21 CFR 3.2(e).   

and to address whether such combinations would be drug-device combination products.131034 
1035 

4. Endpoints1036 
1037 

Based on the average nail growth rates discussed above, and to provide a fair and informative 1038 
guideline for assessment of the success of a treatment, FDA recommends the following 1039 
effectiveness endpoints for treatment of onychomycosis, based on achieving endpoints of both 1040 
clear nail and mycology.   1041 

1042 
Clear nail: The specifications for clear nail are described below.  The 95% one-sided confidence 1043 
interval (i.e., lower bound only) around the observed response rate as described below should be 1044 
≥50%.1045 

1046 
Mycology: Among toenails and fingernails which are deemed responders based on the “clear 1047 
nail” criteria, at least 80% should demonstrate negative mycology (negative stain with 1048 
concurrent negative culture, or two negative cultures from the same nail). 1049 

1050 
Toenails: (based on assessment in the first toe) 1051 

 Measurement of clear nail increase: 1052 
1053 

o at least 12 mm increase in clear nail, with evidence of distal growth of the 1054 
affected area, 12 months after the first treatment; 1055 

or1056 
o an additional 120 mm2 of clear nail (based on mean width of the first 1057 

toenail), with evidence of distal growth of the affected area, 12 months 1058 
after the first treatment; 1059 

or1060 
o complete clearance 12 months after the first treatment if less than 12 mm 1061 

distal nail was involved prior to treatment.   1062 
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1069  Measurement of clear nail increase: 
1070 
1071 o at least 12 mm increase in clear nail measured from the cuticle to the most 
1072 proximal area of nail dystrophy, with evidence of distal growth of the 
1073 affected area, 6 months after the first treatment; 
1074 or 
1075 o an additional 90 mm2 of clear nail (based on mean width of the thumb 
1076 nail), with evidence of distal growth of the affected area, 6 months after 

the first treatment; 1077 
or1078 

o complete clearance 6 months after the first treatment if less than 12 mm 1079 
distal nail was involved prior to treatment.   1080 

1081 

 The response should be progressive in at least 2 sequential timepoints that are at 1082 
least 3 months apart, with projected increase of at least 2 mm per month. 1083 

1084 
Studies performed on fingernails only should only be used to support an IFU in the fingernails.  1085 
Studies which include the toenails can be used to support an IFU for all nails. 1086 

1087 
As stated earlier, these recommended endpoints arise from the combined consideration of the 1088 
expected response to an effective treatment (in which the majority of nails would respond) with 1089 
the known slower nail growth rate in older individuals and in certain disease states.  It is1090 
anticipated that at least half the treated nails would show a response within the designated time 1091 
frame for assessment, while slower-growing nails would achieve the response later.  FDA may 1092 
consider alternate endpoints and/or response rates for devices which pose very high or very low 1093 
risk. If alternate endpoints are being considered, FDA recommends that you contact the Agency 1094 
through the pre-submission process to discuss these endpoints.   1095 

1096 
The indication of “treating onychomycosis” should include demonstration of mycological cure, 1097 
defined by the concurrence of a negative stain and a negative culture.  Sponsors and investigators 1098 
may choose to apply a nested study design, in which early endpoints are applied and discussed 1099 
for the clear nail indication (section III.A.1 (Defining “temporary increase in clear nail”)) in the1100 
first phase, and to pursue a subsequent IFU of “treatment of onychomycosis” with the data 1101 
generated in a second phase of the study, in accordance with the recommended endpoints 1102 
(section III.B.4 (Endpoints)). If such a study design is used, pre-specified statistical 1103 
considerations should be included in the study design to account for the interim data analysis and 1104 
unblinding.1105 

1106 
1107 To evaluate the overall response rates, it is recommended that the study report be written in a 
1108 tiered fashion, citing the success rate for the subjects exhibiting mycological cure concurrent 
1109 with clear nail, with separate presentation of the data for subjects exhibiting mycological cure 
1110 with residual nail dystrophy. 
1111 
1112 5. Follow-up 
1113 
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1114 The goal of treatments for onychomycosis is complete elimination of the fungal organism and 
1115 full clearance of the nail.  Follow-up for this indication should be based on the anticipated time 
1116 for complete nail regrowth, which is approximately 6 months for fingernails and 12 months for 
1117 toenails as discussed above.  Longer follow-up times will be helpful for assessing recurrence 
1118 rates. To control for loss of subjects who do not exhibit the desired visual outcome, it is 
1119 recommended that subjects who drop out or are lost to follow-up be considered as treatment 
1120 failures for this indication. This restriction should be incorporated into the statistical analysis 
1121 plan. 

1151 in identifying dose-response relationships and species-specific response rates.  Sponsors and 
1152 investigators may utilize bench testing to identify target parameters prior to human studies.  
1153 However, the ability of an energy source to penetrate a living nail overlying complex structures 
1154 will in most circumstances necessitate clinical studies.  Such studies would also provide 
1155 information about the ability of the nail to resume normal growth after treatment. 
1156 
1157 10. Adverse event monitoring 
1158 

1122 
6. Controls1123 

1124 
The controls discussed in the “clear nail” section above (section III.B.6 (Controls) are relevant1125 
and can be applied to studies in support of the treatment of onychomycosis.  These controls may 1126 
be complemented with mycological studies from the control nails. 1127 

1128 
7. Blinding1129 

1130 
The blinding considerations discussed in the “clear nail” section above (section III.B.71131 
(Blinding)) are relevant and can be applied to studies in support of the treatment of 1132 
onychomycosis.  Blinding should be applied to mycological specimen assessment in addition to 1133 
clinical assessments. 1134 

1135 
8. Dose considerations1136 

1137 
The dosimetry of energy for different toes and for toenails vs. fingernails is addressed in section 1138 
III.B.8 (Dose considerations). It is not known whether elimination of fungal organisms to 1139 
support the IFU of treatment of onychomycosis would require similar or higher doses of energy 1140 
than those used for “temporary increase in clear nail,” nor whether a higher dose would be 1141 
tolerated if needed.  Clinical trials and labeling should address dose considerations if a device is 1142 
used to treat both the “temporary increase in clear nail” and “treatment of onychomycosis” IFU, 1143 
and if it is to be used on different nails, so as to assess and ensure adequate safety and 1144 
effectiveness in these different body sites. 1145 

1146 
9. Data analysis1147 

1148 
General considerations for data analysis are discussed in section III.B.9 (Data analysis). Given1149 
the antifungal nature of the IFU of “treatment of onychomycosis,” there is particular importance 1150 
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1159 As discussed in section III.B.10 (Adverse event monitoring) post-market monitoring of devices 
1160 cleared for temporary increase in clear nail has identified several adverse events which may be 
1161 device-related. In the absence of dose-response data about such adverse events, sponsors, 
1162 investigators, and practitioners are urged to monitor and report all adverse events in order to 
1163 develop an accurate understanding of the risks and benefits of these procedures.  FDA will 
1164 review adverse events and provide a benefit-risk analysis. 
1165 

1166 C. Statistical Considerations   
1167 

These are the same as those discussed in III.C (Statistical Considerations) above.1168 

1169 
D. Labeling considerations 1170 

1171 
Devices which are cleared for “treatment of onychomycosis” should be clearly labeled for this 1172 
indication, provided they have demonstrated effectiveness in eliminating nail fungus.  No1173 
devices have been cleared for this indication as of the publication of this draft guidance.  1174 
Therefore, much is not yet known, including potential response rates, adverse events, etc. for 1175 
these studies, and FDA cannot make specific recommendations for labeling at this time.  1176 
However, general labeling considerations will follow best practices and provide transparency to 1177 
the provider and patient.  It is anticipated that the recommendations will be similar to those 1178 
detailed in section III.D (Labeling Considerations) above.1179 

1180 
1181 
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1182 Appendix: Light Sources for Nail Indications 
1183 
1184 FDA recommends that the following information be included in 510(k), PMA, or de novo 
1185 submissions for devices incorporating a light source intended for a nail indication, with specific 
1186 attention to the parameters applicable to the IFU.  This example may serve as a paradigm for 
1187 other energy-based devices, in which comparable relevant parameters will be evaluated. 
1188 
1189 For 510(k) submissions, this information will be taken into consideration along with any 
1190 
1191 
1192 
1193 
1194 
1195 
1196 
1197 
1198 
1199 
1200 II. 
1201 
1202 
1203 
1204 
1205 
1206 
1207 
1208 
1209 III. 
1210 
1211 
1212 
1213 

performance data (non-clinical or clinical) when comparing the proposed device to a predicate 
device for purposes of determining substantial equivalence.  For devices that differ significantly 
from those already on the market, additional information may be necessary to evaluate those 
differences. 

I. Wavelength: The submission should identify the individual wavelength(s) or the 
range of wavelengths of light that will be delivered to the nail by the proposed 
device. 

Laser or Light Generation: If the device is a laser, the details of the laser 
generation method should be submitted.  This description may include the gain 
medium, pumping source, and the method used for pulsing (q-switch or other).  If 
the laser is generated without a gain medium, e.g., by laser diodes, detailed 
specifications and engineering drawings of the diodes or other laser source(s) may 
be requested. If the device is an intense pulsed light or any other kind of light 
source, a description of the light source and the method of light generation will be 
requested. 

Fluence: The submission should identify the total fluence (energy per area), 
delivered at each spot. If the clinical procedure for the nail includes multiple 
steps, the submission should identify the energy delivered to a spot at each step as 
well as the total energy delivered to a spot.  

1214 IV. Spot Size: The submission should include the spot size(s) that will be used for the 
1215 procedure. 
1216 
1217 V. Output mode: The submission should detail whether the light output is pulsed or 
1218 continuous wave (CW).  
1219 
1220 VI. Power:  Submissions should identify the power that will be delivered during the 
1221 procedure. For pulsed light, the average power should be provided.  
1222 
1223 VII. Pulsed laser and light sources: The following parameters should be submitted for 
1224 pulsed lasers and light sources. 
1225 

1226  Pulse duration 
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1227  Energy per pulse 
1228  Fluence per pulse 
1229  Duty cycle 
1230  Repetition rate (pulses per second) 
1231 
1232 VIII. Directions for use: The directions for use should include the following 
1233 information: 
1234 

1235  The size and the shape of the area on the nail that will be illuminated by light 

The dwell time at each spot and the time interval between spots, as well as the 
direction of movement to complete the spot pattern, if the light is delivered in 
discrete spots, or in a stacked or “paintbrush” fashion 

The movement velocity and the direction(s) of the movement, if a 
“paintbrush” fashion is employed 

1236 during the clinical procedure 
1237 

1238  The spatial distribution and number of spots per unit area, if the light is to be 
1239 delivered at discrete spots 
1240 

1241  
1242 
1243 
1244 

1245  
1246 
1247 

1248 
total number of sessions 

Nail that will be treated per procedure and per session 

 
instructions 

 Warnings or contraindications for the proposed device 

 The number of procedures per session, number of sessions per week, and the 
1249 
1250 

1251  
1252 

1253 Patient preparation, pre- and post-operative evaluation and post-operative care 
1254 
1255 

1256 
1257 
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